Abstract. The paper presents an engineering method for calculating the weak clay base, strengthened with sandy piles reinforced along the contour. The method is based on the principle of layer-by-layer summation, which is used when designing the bases and foundations. The novelty of the suggested method lies in the taking account of the soil reaction along the pile lateral surface and the impact of external vertical loads on the vertical displacement of the base.
Introduction
With the advent of geosynthetic materials used as reinforcing elements, it is getting popular to use one of the ways of strengthening the weak clay base with sandy piles reinforced along the contour [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Problems with weak clay bases are sufficiently presented in [14, 15] .
The lack of a unified algorithm for calculating stress and strain states of the base strengthened with sandy piles reinforced along the contour, makes it difficult to extensively use these piles in a low-rise construction [1, 13] .
Along with the capacity to predict base settlement by using software package, the practical value can also be seen in engineering-analytical method of calculating the strain state of the reinforced base [11, 12] .
The article proposes method of calculation based on the Boussinesq solution in terms of the model of deformable solids. Therefore, the parameter of interstitial water viscosity is not considered explicitly. Deformation modulus is determined by experiment with watersaturated sample, which does not reflect the influence of pore water clearly. The time factor does not appear in the proposed method because his influence on the settlement of the soft clay soils is described in detail earlier by T. Maltseva and A. Minaeva [1, 13, 17] .
Review
A technique for strengthening the bearing capacity and stability of the foundations built on weak water-saturated soils was patented [4] . According to this technique, a sandy pile reinforced vertically along the contour with a geosynthetic permeable element (geogrid) is arranged under the shallow foundation in the ground bed composed of weak soil [5] .
The researches [6, 7 and 8] are describing the laboratory experiments, which shows us efficiency of application of reinforced sandy piles. The detailed information [1] is presenting visually in Fig. 1 .
The figure shows that the reinforced sandy pile has 55% less settlement compared to natural ground bed and 30% less settlement compared to non-reinforced sandy pile [5, 7] .
Full-scale experiments [8, 9] have revealed, that load, which is obtained from the lowrise building is P = 0.111 MPa. On this basis, appropriate settlement of low-rise building is S = 0.0252 m. 
Problem
Let us analyze a homogeneous cylinder of sand placed in a closed shell (reinforcing element -geogrid), beyond which lies an elastic isotropic material -clay soil (Fig. 2) . We replace the effect of clay soil on the cylinder walls with the force of friction Ff. The cylinder is being affected with the static distributed load q. The calculation of sandy cylinder settlement (induced by the external forces) is basing on the principle of layer-bylayer summation, according to which the settlement is defined as a sum of settlements of elementary soil layers. Let us split the reinforced sandy cylinder with height Δz 
The paper [2] presents the calculation of settlement excluding forces of friction generated along the outer lateral surface of the cylinder.
To determine the vertical displacements of the filler Δwq caused by the external load q, we formulate the equilibrium equation of the object:
where N is the stress that occurs in shaft of a sandy pile reinforced along the contour. This stress is caused by the external load q and the reaction soil bearing pressure Rs [kPa]; Ff is the force of friction along the lateral surface [kN] .
Stress N is N = q . A -Rs . A
According to Hooke's law, the reaction Rs will be presented in the form of equation:
where Er is a reduced modulus of the filler (sand) deformation [kPa]; Δwq is an absolute deformation of the elementary layer of finite length [m] .
The frictional force of the elementary layer along the lateral surface is proportional to (4), (5) and (6) Reaction of the reinforcing element qp with account for soil bearing pressure along the lateral area of the pile is determined from the condition of equality of the radial movements of reinforcing element and sand u0=up [13] : Reinforcing element modulus of elasticity is determined in [5] :
where ex a K is a magnification coefficient of deformation module of the reinforced elementary layer.
Vertical intensity height along the sandy pile reinforced along the outline is approximated to a tolerance of 10% in accordance with the experimental information and is determined in a quadratic dependence [17] (12) Vertical displacements ∆wqs of the pile shaft from the effects of for soil bearing pressure qsi along the lateral area are determined by:
Soil surrounding the pile is to be considered as a linearly elastic environment with a coefficient of soil resistance Сz [kN/m3]:
where K is a constant of proportionality [kN/m4], which is dependent on the type of soil surrounding the pile; z is the depth of the pile section in the ground [m]; γc -coefficient of service factor. Basing on the condition that the radial displacements of the reinforcing element are equal to the radial displacements of the surrounding soil 
Conclusion
Results of the analytical and numerical simulation (which were made by FEM model and PLAXIS software) of reinforced base were compared.
Soils with physical and mechanical characteristics similar to soils of on-site field research were taken for calculation by elastic-plastic model with the Mohr-Coulomb strength criterion. Figure 4 presents "settlement-pressure" diagrams, plotted basing on experimental data calculated by the proposed method and data of numerical simulation.
The diagrams show that the difference between the final settlements of the base (strengthened with the sandy pile reinforced along the outline) calculated by the proposed method and the data of in-situ tests is 22%, the calculation data in "PLAXIS 3D" software package -37%, the calculation data in "FEM models" program complex -19 %.
The proposed engineering method of calculation allows to significantly increase the effectiveness in projecting the reinforced soil foundations and thus allows to extend the sphere of application of this method for strengthening the weak clay ground. Fig. 4 . Comparison of the settlements calculation results: 1 -experimental data; 2 -theoretical calculation according to the method; 3 -the results of numerical simulation in "FEM models" software package; 4 -results of numerical simulation in "PLAXIS 3D" software package.
